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(57) ABSTRACT

Embodiments disclosed herein may relate to electrically
conductive vias in cross-point memory array devices. In an
embodiment, the vias may be formed using a lithographic
operation also utilized to form electrically conductive lines
in a first electrode layer of the cross-point memory array
device.

20 Claims, 7 Drawing Sheets

Second Electrode SE 110

Cross Secfion A

LD LR P PLIE N MU

Cross Section B

Via 105

Cross Section C

First Electrode (FE) 140

(MMM |

IENIBRIECEE

THIELELE

S T Y S T T T T
; S

| o
|

SE Via Array 115



U.S. Patent Nov. 1, 2016 Sheet 1 of 7 US 9,484,534 B2

PCMS 100

Second Electrode (SE) 110

\vr\ Selector (SEL) 120

/ Phase Change
Memory (PCM) 130
First Electrode (FE) 140

Figure 1



US 9,484,534 B2

First Electrode (FE) 140

Sheet 2 of 7
Second Electrode SE 110

Nov. 1, 2016

PCMS 100

U.S. Patent

Rl A F L R A A P LRl o T i F v
IO G S S DS S S B S M MMM )
[ B W 0 I P I Y ,..._..__..._ Wil .__.._._uL il rl,

SE Via Array 115

.‘ . m@

¥ L S | f e |

Fil1ia i _: ..t,, Lob i A A g

Via 105
Cross Section C

Cross Section A

Cross Section B

Figure 2



U.S. Patent Nov. 1, 2016 Sheet 3 of 7

US 9,484,534 B2

Cross Section A Cross Section B Cross Section C

1

RN

Via 105

Vias 105 Vias 115

=SEL 120

LR = PCM 130 T = FE 140 — = Encapsulating

Material 150

Figure 3a

Sacrificial Via Placeholders 315

\

"~

PN

NN
NNNE
NN
N
NN

NN\
NN

9]

Figure 3b



US 9,484,534 B2

U.S. Patent Nov. 1, 2016 Sheet 4 of 7

Sacrificial Via Placeholders 315

//’/

c

NN
N5

NN
NN
NN

Encapsulating

DOEEE = PCM 130  LLLTI =FE 140 L—1 = Material 150

s = SEL 120

Figure 3c

w

NN

NN

N
NN
NN
NN

,,,,, _ New Via Filling
B T Material 160

Figure 3d



U.S. Patent Nov. 1, 2016 Sheet 5 of 7 US 9,484,534 B2

A B C
l)lil,iil'ilil'llir:n‘; /, ;ﬁ:i f'" % ij}‘ %
Z 7.9 %\ 4% 7

s

Encapsulating

= SEL 120 PO = PCM 130 LT = FE 140 L—1 = Material 150
Figure 3e

>
os]
O

B OE N
B/ 7R/
7 /7 é /, // 4
PCMS 100

Figure 3f



U.S. Patent

Nov. 1, 2016

Sheet 6 of 7

US 9,484,534 B2

Performing a first lithographic
patterning operation to form a first
electrode layer on a substrate and
to form one or more via
placeholders

410

Forming one or more vias defined
at least in part by said one or more
via placeholders

L~ 420

Performing a second lithographic
patterning operation to form a
second electrode layer electrically
coupled to said one or more vias

. 430

Figure 4



U.S. Patent Nov. 1, 2016 Sheet 7 of 7 US 9,484,534 B2

(&)
o

PCMS 520

Control Unit 526

515

Processor 510
Storage Area

522

Instructions 524

Figure 5



US 9,484,534 B2

1
VIA FORMATION FOR CROSS-POINT
MEMORY

REFERENCE TO RELATED APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 12/648,979, filed Dec. 29, 2009, entitled VIA
FORMATION FOR CROSS-POINT MEMORY, which is
hereby incorporated by reference in its entirety and made
part of this specification.

BACKGROUND

Subject matter disclosed herein may relate to integrated
circuit devices, and may relate more particularly to forming
vias in a cross-point memory device.

Integrated circuit devices, such as non-volatile memory
devices, for example, may be found in a wide range of
electronic devices. For example, non-volatile memory
devices may be used in computers, digital cameras, cellular
telephones, personal digital assistants, etc. Factors related to
amemory device that may be of interest to a system designer
in considering the memory device’s suitability for any
particular application may include, physical size, storage
density, operating voltages, granularity of read/write opera-
tions, data throughput, data transmission rate, and power
consumption. Other example factors that may be of interest
to system designers include cost of manufacture, and ease of
manufacture. Process technologies utilized to manufacture a
memory device may at least in part determine at least some
of the factors mentioned above, including storage density,
physical size, and cost/ease of manufacture, for example.

BRIEF DESCRIPTION OF THE DRAWINGS

Claimed subject matter is particularly pointed out and
distinctly claimed in the concluding portion of the specifi-
cation. However, both as to organization and/or method of
operation, together with objects, features, and/or advantages
thereof, it may best be understood by reference to the
following detailed description if read with the accompany-
ing drawings in which:

FIG. 1 is an illustration depicting a cross-sectional view
of an example embodiment of a phase change memory with
a selector.

FIG. 2 is an illustration depicting a top view of a portion
of an example embodiment of a cross-point memory array
device.

FIG. 3a is an illustration depicting a portion of an
example technique for forming vias in an example embodi-
ment of a cross-point memory array device.

FIG. 354 is an illustration depicting an additional portion
of an example technique for forming vias in an example
embodiment of a cross-point memory array device.

FIG. 3¢ is an illustration depicting another portion of an
example technique for forming vias in an example embodi-
ment of a cross-point memory array device.

FIG. 3d is an illustration depicting a further portion of an
example technique for forming vias in an example embodi-
ment of a cross-point memory array device.

FIG. 3e is an illustration depicting an additional portion of
an example technique for forming vias in an example
embodiment of a cross-point memory array device.

FIG. 3f'is an illustration depicting another portion of an
example technique for forming vias in an example embodi-
ment of a cross-point memory array device.
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FIG. 4 is a flow diagram illustrating an example embodi-
ment of a process for forming vias in an example embodi-
ment of a cross-point array memory device.

FIG. 5 is a schematic block diagram depicting an example
embodiment of a system including an example embodiment
of a non-volatile cross-point array memory device.

Reference is made in the following detailed description to
the accompanying drawings, which form a part hereof,
wherein like numerals may designate like parts throughout
to indicate corresponding or analogous elements. It will be
appreciated that for simplicity and/or clarity of illustration,
elements illustrated in the figures have not necessarily been
drawn to scale. For example, the dimensions of some of the
elements may be exaggerated relative to other elements for
clarity. Further, it is to be understood that other embodi-
ments may be utilized. Furthermore, structural or logical
changes may be made without departing from the scope of
claimed subject matter. It should also be noted that direc-
tions or references, for example, up, down, top, bottom, and
so on, may be used to facilitate discussion of the drawings
and are not intended to restrict the application of claimed
subject matter. Therefore, the following detailed description
is not to be taken to limit the scope of claimed subject matter
or their equivalents.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth to provide a thorough understanding of
claimed subject matter. However, it will be understood by
those skilled in the art that claimed subject matter may be
practiced without these specific details. In other instances,
methods, apparatuses or systems that would be known by
one of ordinary skill have not been described in detail so as
not to obscure claimed subject matter.

As discussed above, integrated circuit devices such as
non-volatile memory devices may be found in a wide range
of electronic devices. Non-volatile memory devices may be
used in computers, digital cameras, cellular telephones, and
personal digital assistants, to name but a few examples. As
also previously mentioned, factors related to a memory
device that may be of interest to a system designer in
considering the memory device’s suitability for a particular
application may include, physical size, storage density,
operating voltages, granularity of read/write operations, data
throughput, data transmission rate, and power consumption.
Other example factors that may be of interest to system
designers include cost of manufacture, and ease of manu-
facture. Process technologies utilized to manufacture a
memory device may at least in part determine at least some
of the factors mentioned above, including storage density,
physical size, and cost/ease of manufacture, for example.

FIG. 1 is an illustration depicting a cross-sectional view
of an example embodiment of a phase change memory with
selector (PCMS) 100. For the present example embodiment,
PCMS 100 is implemented as a cross-point memory array.
In a PCM cross-point memory array, two layers of orthogo-
nal electrically conductive lines may be formed, with one
layer of electrically conductive lines formed at the bottom of
a memory stack and another layer of electrically conductive
lines running in an orthogonal direction formed in a top layer
of'the memory stack. In an embodiment, the bottom layer of
electrically conductive lines may be referred to as a first
electrode (FE) layer 140, and the top layer of electrically
conductive lines may be referred to a second electrode (SE)
layer 110. The electrically conductive lines of FE layer 140
may run in a direction that is orthogonal to the direction of
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the electrically conductive lines of SE layer 110. Also for an
embodiment, and as depicted in FIG. 1, a layer of PCM
memory cells (130) and a layer of selector devices (SEL)
120 may be located between layers FE 140 and SE 110 to
form a PCMS memory stack 100. In some embodiments,
additional PCM, SEL, and SE layers may be formed to
create embodiments of memory devices with multiple
PCMS memory layers in a stack. In such embodiments, a SE
layer for one PCMS layer may be utilized as a FE layer for
an additional PCMS layer.

In one or more embodiments, cross-point memory arrays
may be implemented using technologies other than PCM,
such as resistive memory technologies and/or other types of
memory, and the scope of claimed subject matter is not
limited in this respect. One potential benefit of a cross-point
memory array is that memory cells may be defined at least
in part by lines formed at a minimum geometry for a given
manufacturing process, potentially allowing for a greater
storage density, increased storage capacity, and/or reduced
die size, for example. For example, if lines are created at a
minimum width for both first and second wire layers,
memory cells may have an area of 4 1, where ‘f” represents
the minimum line width for the process. In some embodi-
ments, memory cells may store more than one bit of infor-
mation, so the effective memory cell size may be less than
4 2. Of course, the scope of claimed subject matter is not
limited in these respects, and embodiments are possible
using lines and/or other features having widths greater than
a minimum width for a given manufacturing technology.

FIG. 2 is an illustration depicting a top view of a portion
of example PCMS cross-point memory array 100. Depicted
in FIG. 2 is SE layer 110 comprising a number of electrically
conductive lines running in a vertical fashion for this illus-
tration and FE layer 140 having electrically conductive lines
running in a horizontal fashion for this illustration. For an
embodiment, a memory cell from PCMS layer 130 may be
selected and/or accessed by energizing appropriate electri-
cally conductive lines in FE layer 140 and/or SE layer 110.
For an example PCMS cross-point memory array, circuitry
tasked with providing electrical signals to the word-lines
and/or bit-lines of FE layer 140 and/or SE layer 110 may be
positioned beneath the memory array, in an embodiment.
Also for an embodiment, the signal generation circuitry may
be implemented as CMOS circuitry, although the scope of
claimed subject matter is not limited in this respect. In order
to electrically connect the signal generation circuitry to FE
140, electrically conductive vias such as 105 and/or 115 may
be formed in an encapsulating material (not shown). For an
embodiment, vias 115 may be extended up to SE layer 110
in order to provide signals from the signal generation
circuitry to SE 110. The formation of two-dimensional vias
such as those utilized to electrically conduct signals to SE
110 may represent a challenge in manufacturing cross-point
memory array devices, due at least in part to limitations
and/or difficulties that may be experienced in utilizing
two-dimensional lithographic capabilities to form vias that
line up with one-dimensional lines that may make up the FE
and SE layers.

In an embodiment, a technique may be utilized to form
vias having approximately the same pitch as electrically
conductive lines from layers FE 140 or SE 110. The vias
may be formed as part of a technique, in an example
embodiment, wherein memory cells and their interconnects,
such as word-lines and/or bit-lines, may be formed using a
subtractive etch technique. Vias may be defined at least in
part by lines patterned in one or more layers, wherein the
vias are formed without utilizing an additional lithographic

10

15

20

25

30

35

40

45

50

55

60

65

4

process to pattern the vias. A relatively less accurate litho-
graphic process may be utilized, in an example embodiment,
to protect the memory array at least in part during formation
of the vias, although the scope of claimed subject matter is
not limited in this respect. An example technique for form-
ing vias is described below.

In an embodiment, a cross-point memory array may be
formed by generating a first electrode layer and a memory
material layer. For a PCMS memory array, a selector device
layer may be formed on the memory material layer. Prior to
forming a second electrode layer of electrically conductive
lines that are oriented in a direction that is orthogonal to the
direction of the lines of the first electrode layer, memory
layer material, including material from the selector layer in
the case of a PCMS, may be removed from areas in which
it is desired to create one or more vias. Memory layer
material and/or selector layer material in the case of a PCMS
may not be removed in one or more areas outside of the areas
in which it is desired to create one or more vias, for an
example embodiment. Electrically conductive material may
be deposited in the areas where the memory material was
removed in order to create the vias, and a second electrode
layer may be formed over the remaining memory material
and over the vias. Of course, this is merely an example
embodiment of a technique for forming vias in a cross-point
memory array device, and the scope of claimed subject
matter is not limited in these respects. Other embodiments
are described below in more detail.

FIGS. 3a through 3f, described below, depict cross-
sectional views of several portions of PCMS 100 as PCMS
100 undergoes various example stages of fabrication. FIG. 2
shows cross-sectional line segments ‘A’, ‘B’, and ‘C’ that
correspond to cross sectional views A, B, and C depicted in
FIGS. 3a through 3f. Note that FIG. 2 depicts SE 110 and FE
140 of PCMS 100 post-fabrication. FIGS. 3a through 3f
depict an example technique for forming at least some
elements of PCMS 100.

FIG. 3a is an illustration depicting an aspect of an
example embodiment of a technique for forming vias as part
of an example fabrication of PCMS cross-point memory
array 100. Please refer to FIG. 2 for cross-sectional line
segments ‘A’, ‘B’, and ‘C’ corresponding to cross-sectional
views A, B, and C depicted in FIG. 3a. As illustrated in FIG.
3a, a stack comprising a first electrode layer FE 140, a
memory material layer 130, and a selector material layer
SEL 120 may be deposited or otherwise formed on a wafer
including a substrate comprising encapsulating material 150.
For an embodiment, memory material layer 130 may com-
prise phase change memory (PCM). Also for an embodi-
ment, encapsulating material 150 may comprise a thick
oxide material, although the scope of claimed subject matter
is not limited in this respect. For this example embodiment,
FIG. 3a also depicts via 105 in cross-sectional view A,
depicts additional vias 105 in cross-sectional view B, and
also depicts vias 115 in cross-sectional view C. Note that
layers 110, 120, and 130 as shown in FIG. 3a are blanket
deposited and have not yet been patterned at this point in the
example fabrication.

FIG. 35 is an illustration depicting an additional aspect of
an example fabrication technique for example memory
device PCMS 100, including forming vias according to an
example embodiment. As depicted in FIG. 35, lines may be
patterned in a first direction, which, for the example depicted
in FIG. 3a, comprises lines in the horizontal direction as
seen in FIG. 2. Of course, the use of directions such as
“horizontal”, “vertical”, “up”, “down”, “left”, “right”, etc.
do not limit the scope of claimed subject matter, but are used
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herein merely to facilitate discussion and explanation. As
seen in FIG. 35, horizontal lines may be patterned in FE 140,
SEL 120, and PCM 130. As also depicted in FIG. 34, in
particular view C, material from layers 140, 130, and 120
may also be patterned to form what may be referred to a
“sacrificial via placeholders” 315 that will be used to define
vias 115 that extend to SE 110, as is discussed more fully
below. For an embodiment, sacrificial via placeholders 315
may be formed by patterning relatively short line segments
extending in a direction substantially orthogonal to the
horizontal lines, although the scope of claimed subject
matter is not limited in this respect. For one or more other
embodiments, the relatively short line segments forming
sacrificial via placeholders 315 may extend in a direction
that is not substantially orthogonal to the lines of FE 140.
Also, it may be noted that those line segments serving as
placeholders 315 for future vias may be patterned in an area
outside of the area utilized for the memory cell array. Please
refer to the SE via array 115 shown in FIG. 2 and cross-
section line segment ‘C’ to see an example of where the
sacrificial via placeholders may be patterned, in an example
embodiment. Also, in an embodiment, horizontal lines and
sacrificial via placeholder 315 may be patterned using a
subtractive etch technique, although the scope of claimed
subject matter is not limited in this respect.

FIG. 3c is an illustration depicting another aspect of an
example fabrication technique for example memory device
PCMS 100, including forming vias according to an example
embodiment. As shown in FIG. 3¢, encapsulating material
150 may be deposited over the memory stack, filling the
gaps formed as a result of the patterning of the horizontal
lines and sacrificial via placeholders 315 depicted in FIG.
3b. For the present example embodiment, encapsulating
material 150 may comprise a dielectric material such as a
thick oxide, for example, although the scope of claimed
subject matter is not limited in this respect. Also, as further
depicted in FIG. 3¢, the wafer may be planarized so that the
top surface is flat. In an embodiment, a chemical mechanical
polishing technique may be utilized to planarize the top
surface, although the scope of claimed subject matter is not
limited in this respect.

FIG. 34 is an illustration depicting a further aspect of an
example fabrication technique for example memory device
PCMS 100, including forming vias according to an example
embodiment. As depicted in FIG. 34, particularly at view C,
the SEL 130 and PCM 120 material at the site of the
sacrificial via placeholders 315 may be etched out. See SE
via array 115 in FIG. 2 for a top view of the area under
discussion, in addition to view C from FIG. 3d. For an
embodiment, the etching process stops at the FE layer 140.
A lithography operation may be performed to protect the
memory array outside of SE via array 115 area to avoid
etching memory and selector layer material in the memory
array during the etching process. An electrically conductive
new via filling material 160 may be deposited in the etched
areas in order to form vias 115. Note that the dimensions of
vias 115 were defined at least in part by previously patterned
elements. For an embodiment, new via filling material 160
may comprise tungsten or copper, for example, although the
scope of claimed subject matter is not limited in this respect.
Also, for an embodiment, the wafer may be polished in order
to planarize the top surface, although again, the scope of
claimed subject matter is not limited in this respect.

FIG. 3e is an illustration depicting an additional aspect of
an example fabrication technique for example memory
device PCMS 100, including forming vias according to an
example embodiment. As seen in FIG. 3e, SE layer material
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110 may be deposited over the structure. For an embodi-
ment, SE layer material 110 may comprise an electrically
conductive material, such as aluminum, for example. How-
ever, the scope of claimed subject matter is not limited in
this respect.

FIG. 3fis an illustration depicting another aspect of an
example fabrication technique for example memory device
PCMS 100, including forming vias according to an example
embodiment. As discussed above in connection with FIG.
3e, SE layer 110 may be deposited over the structures of
PCMS 100. As further depicted in FIG. 3f, electrically
conductive lines maybe patterned in SE 110, wherein the
lines may be formed to run in a direction orthogonal to the
lines in FE layer 140. For an embodiment, a subtractive etch
technique may be utilized to pattern the lines of SE 110,
although the scope of claimed subject matter is not limited
in this respect. The subtractive etch technique for an
embodiment may etch through the SE 110 and SEL 120
layers. The etch may stop on or partially through PCM layer
130, for an embodiment. Also for an embodiment, the
electrically conductive lines of SE 110 may serve as bit-lines
for the PCMS memory array, and the electrically conductive
lines of FE 140 may serve as word-lines. However, the scope
of claimed subject matter is not limited in these respects.

As further depicted in FIG. 3f; particularly at views A and
C, the structures of PCMS 100 may be encapsulated by
encapsulating material 150, and the wafer may be further
planarized through utilization of a chemical mechanical
polishing technique, for an example embodiment. Note that
FIG. 3f illustrates a completed example fabrication of
example memory device PCMS 100. For the new vias
formed as part of SE via array 115, note that the width and
location of the vias are determined at least in part by the
patterned lines of FE 140, for an example embodiment.

For the example embodiments described above in con-
nection with FIGS. 1 through 3/, vias 115 are described has
being formed without the utilization of a separate litho-
graphic patterning operation. For the embodiments
described above, two or more lithographic patterning opera-
tions may be performed. A first lithographic patterning
operation may be performed at the aspect illustrated at FIG.
3b, wherein electrically conductive lines for FE layer 140
are formed and wherein sacrificial via placeholders 315 may
be formed. Vias 115 may be formed as depicted at FIGS. 3¢
and 3d without utilizing an additional lithographic pattern-
ing operation. Rather, the vias may be formed by filling
trenches formed by etching away SEL 120 and PCM 130
layer materials from the areas defined by sacrificial via
placeholders 315 with electrically conductive material. As
mentioned previously, for an embodiment, a relatively less
accurate lithographic process may be utilized to protect
memory layer material and/or selector layer material in the
memory array from being etched during the etching of the
sacrificial via placeholders 315. A second lithographic pat-
terning operation is depicted at FIG. 3e wherein electrically
conductive lines for SE 110 may be patterned. By utilizing
features patterned with the first lithographic operation to
define at least in part vias 115, vias 115 may be substantially
aligned with the electrically conductive lines for FE 140
with an improved level of precision as compared to vias that
may be formed using an additional two-dimensional litho-
graphic patterning operation.

FIG. 4 is a flow diagram illustrating an example embodi-
ment of a process for forming vias in an example embodi-
ment of a cross-point array memory device. At block 410, a
first lithographic patterning operation may be performed to
form a first electrode layer on a substrate and to form one or
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more via placeholders. One or more vias defined at least in
part by said one or more via placeholders may be formed at
block 420. At block 430, a second lithographic patterning
operation may be performed to form a second electrode
layer electrically coupled to the one or more vias. Embodi-
ments in accordance with claimed subject matter may
include all of, more than, or less than blocks 410-430.
Additionally, the order of blocks 410-430 is merely an
example order, and the scope of claimed subject matter is not
limited in this respect.

As described above, example embodiments may comprise
depositing layers of PCM memory material and selector
material over an encapsulating material substrate. Lines may
be formed in the first electrode layer, PCM layer, and
selector layer in a first direction as an aspect of a process for
forming an array of PCM memory cells. Such lines may be
formed through a lithographic technique by which sacrificial
via placeholders may also be formed. The sacrificial via
placeholders are named as such because the placeholders are
removed in another aspect of the fabrication in order to
provide holes that may be filled with electrically conducting
material to form vias. Lines may further be formed in the
memory and selector layers, and well as in a second elec-
trode layer, that run in a direction substantially orthogonal to
the lines formed in the first electrode layer. The substantially
orthogonal pair of sets of lines may create a cross-point
memory array, with vias extending from the first electrode
layer to the second electrode layer. Because such vias may
be formed using lithographic techniques that are utilized to
form minimum width lines, the vias may be formed with
greater accuracy and precision than would otherwise be
possible using conventional two-dimensional lithographic
techniques. As mentioned previously, for an embodiment, a
lithographic technique may be utilized to protect a memory
array while sacrificial via placeholders are removed. How-
ever, in an embodiment, such lithographic technique to
protect the memory array need not be of the same level of
precision as the techniques utilized to form the lines and
sacrificial placeholder vias. Further, for an embodiment,
multiple stacks of memory may be utilized, and vias may be
formed at least in part through use of one or more embodi-
ments such as those described herein, and such via may
extend through the multiple stacks. However, the scope of
claimed subject matter is not limited in this respect.

FIG. 5 is a schematic block diagram depicting an example
embodiment of a computing platform system 500 including
an example embodiment of a non-volatile cross-point
memory array device 520. In an embodiment, the non-
volatile memory 520 may comprise a PCMS cross-point
memory array device that may be implemented in accor-
dance with one or more of the embodiments. PCMS 520
may be coupled in an embodiment to a processor 510 by way
of an interconnect 515.

PCMS 520 in an embodiment may comprise a control unit
526, as well a storage area 522. Storage area 522 for an
embodiment may comprise an array of PCMS memory cells.
Further, storage area 522 may be implemented as a cross-
point array of PCMS memory cells, in an embodiment. Also
in an embodiment, storage area 522 may store instructions
524 that may include one or more applications that may be
executed by processor 510. In an embodiment, processor
510 may transmit a memory access command to PCMS 520.
Control unit 526 may, for an embodiment, access one or
more memory cells of storage area 522 at least in part in
response to receiving the memory access command from
processor 510. Of course, computing platform 500 is merely
one example of a system implemented in accordance with
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claimed subject matter, and the scope of claimed subject
matter is not limited in these respects.

The term “computing platform™ as used herein refers to a
system or a device that includes the ability to process or
store data in the form of signals. Thus, a computing plat-
form, in this context, may comprise hardware, software,
firmware or any combination thereof. Computing platform
500, as depicted in FIG. 5, is merely one such example, and
the scope of claimed subject matter is not limited in these
respects. For one or more embodiments, a computing plat-
form may comprise any of a wide range of digital electronic
devices, including, but not limited to, personal desktop or
notebook computers, high-definition televisions, digital ver-
satile disc (DVD) players or recorders, game consoles,
satellite television receivers, cellular telephones, personal
digital assistants, mobile audio or video playback or record-
ing devices, and so on. Further, unless specifically stated
otherwise, a process as described herein, with reference to
flow diagrams or otherwise, may also be executed or con-
trolled, in whole or in part, by a computing platform.

Reference throughout this specification to “one embodi-
ment” or “an embodiment” may mean that a particular
feature, structure, or characteristic described in connection
with a particular embodiment may be included in at least one
embodiment of claimed subject matter. Thus, appearances of
the phrase “in one embodiment” or “an embodiment” in
various places throughout this specification are not neces-
sarily intended to refer to the same embodiment or to any
one particular embodiment described. Furthermore, it is to
be understood that particular features, structures, or charac-
teristics described may be combined in various ways in one
or more embodiments. In general, of course, these and other
issues may vary with the particular context of usage. There-
fore, the particular context of the description or the usage of
these terms may provide helpful guidance regarding infer-
ences to be drawn for that context.

Likewise, the terms, “and,” “and/or,” and “or” as used
herein may include a variety of meanings that also is
expected to depend at least in part upon the context in which
such terms are used. Typically, “or” as well as “and/or” if
used to associate a list, such as A, B or C, is intended to mean
A, B, and C, here used in the inclusive sense, as well as A,
B or C, here used in the exclusive sense. In addition, the term
“one or more” as used herein may be used to describe any
feature, structure, or characteristic in the singular or may be
used to describe some combination of features, structures or
characteristics. Though, it should be noted that this is merely
an illustrative example and claimed subject matter is not
limited to this example.

In the preceding description, various aspects of claimed
subject matter have been described. For purposes of expla-
nation, systems or configurations were set forth to provide
an understanding of claimed subject matter. However,
claimed subject matter may be practiced without those
specific details. In other instances, well-known features were
omitted or simplified so as not to obscure claimed subject
matter. While certain features have been illustrated or
described herein, many modifications, substitutions,
changes or equivalents will now occur to those skilled in the
art. It is, therefore, to be understood that the appended
claims are intended to cover all such meodifications or
changes as fall within the true spirit of claimed subject
matter.

The invention claimed is:

1. A memory device, comprising:

a first plurality of electrically conductive lines oriented in

a first direction on a first level,
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a second plurality of electrically conductive lines oriented

in a second direction on a second level; and

a first plurality of memory material lines oriented in the

first or the second direction and positioned between the
first and the second pluralities of electrically conduc-
tive lines, the first plurality of memory material lines
configurable to store information and including a plu-
rality of vias filled with one or more electrical conduc-
tors, the vias formed in and segmenting the first plu-
rality of memory material lines and having a width
substantially the same as that of the first plurality of
memory material lines, wherein the memory material
lines are made of a single material.

2. The memory device of claim 1, wherein the first
plurality of memory material lines form an array of memory
cells positioned between the first plurality of electrically
conductive lines and the second plurality of electrically
conductive lines.

3. The memory device of claim 2, wherein the array of
memory cells comprises an array of phase change memory
cells configured as a cross-point array.

4. The memory device of claim 3, wherein the cross-point
array comprises an array of selector devices positioned
between the array of phase change memory cells and the
second plurality of electrically conductive lines.

5. The memory device of claim 4, wherein the first
plurality of electrically conductive lines comprise word-
lines for the array of memory cells.

6. The memory device of claim 5, wherein the second
plurality of electrically conductive lines comprise bit-lines
for the array of memory cells.

7. A system, comprising:

a non-volatile memory device, comprising:

a first plurality of electrically conductive lines oriented
in a first direction on a first level,

a second plurality of electrically conductive lines ori-
ented in a second direction on a second level, and

a first plurality of memory material lines oriented in the
first or the second direction and positioned between
the first and the second pluralities of electrically
conductive lines, the first plurality of memory mate-
rial lines configurable to store information and
including a plurality of vias filled with an electrical
conductor, the vias formed in and segmenting the
first plurality of memory material lines and separat-
ing a memory material of the memory material lines,
and the first plurality of memory material lines
forming an array of memory cells positioned
between the first and second pluralities of electrically
conductive lines, wherein the memory material lines
are made of a single material, and

a control unit to access the array of memory cells in

response to receiving a memory access command; and

a processor configured to transmit the memory access

command to the non-volatile memory device, the pro-
cessor further configured to execute the one or more
applications stored in the array of memory cells.

40
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8. The system of claim 7, wherein the array of memory
cells comprises an array of phase change memory cells
configured as a cross-point array.

9. The system of claim 8, wherein the cross-point array
comprises an array of selector devices positioned between
the array of phase change memory cells and the second
plurality of electrically conductive lines.

10. The system of claim 7, wherein the first plurality of
electrically conductive lines comprise word-lines for the
array of memory cells.

11. The system of claim 7, wherein the second plurality of
electrically conductive lines comprise bit-lines for the array
of memory cells.

12. A memory device, comprising:

a first plurality of laterally elongated, electrically conduc-

tive electrode lines oriented in a first direction; and

a first plurality of laterally elongated, memory material

lines over the first plurality of electrically conductive
electrode lines and oriented in the first direction, the
plurality of memory material lines configurable to store
information and including a plurality of vias formed in
and segmenting the plurality of memory material lines
and separating a memory material of the memory
material lines, wherein the memory material lines are
made of a single material.

13. The memory device of claim 12, further comprising a
second plurality of electrically conductive electrode lines
over the first plurality of memory material lines, the second
plurality of electrically conductive electrode lines oriented
in a direction crossing the first direction.

14. The memory device of claim 13, wherein the plurality
of vias extend from the first plurality of electrically conduc-
tive electrode lines to the second plurality of electrically
conductive electrode lines to electrically couple the first
plurality of electrically conductive electrode lines and the
second plurality of electrically conductive electrode lines.

15. The memory device of claim 13, further comprising a
selector material between the first plurality of electrically
conductive electrode lines and the second plurality of elec-
trically conductive electrode lines, the plurality of wvias
extending through at least a portion of the selector material.

16. The memory device of claim 15, wherein a sidewall
of'the plurality of vias is defined by a sidewall of the selector
material.

17. The memory device of claim 13, further comprising a
second plurality of memory material lines over the second
plurality of electrically conductive electrode lines, the
memory device comprising multiple stacks of cross-point
memory arrays.

18. The memory device of claim 12, wherein at least one
sidewall of a via in a memory material line is defined at least
in part by a sidewall of the memory material line.

19. The memory device of claim 18, wherein at least one
sidewall of the plurality of vias is aligned with a sidewall of
an underlying electrically conductive electrode line.

20. The memory device of claim 12, wherein the memory
device comprises a cross-point memory array.

#* #* #* #* #*



